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Ite.: Judging from the nceber of calls ....e
have been receivir.g lately, there has
been a recent jUelp in t he number of
users of 00£-2. It also appears that
there has been a shift a ....ay fro= the
use of the computer service bureaus to
in-house computer installations,
including conversions of the program
to ~achines other than those currently
available from .\1:SC and .\·715. ·~·e I
....o uLd very much apc r ec f a t e your assis
tance t n filling out the short ques
tionnaire on page 5, so that ....e can
assess the currer.t DOE-2 user cceeun
r r y . Although your name and affilia
tion are not essential to this study,
it voo Ld be, if ....e .... ished to contact
you regarding the infOnllation you have
supplied us.

Item: ,he Bug tist has not made an appear
ance in these pages for six ecnebs
ncv , The number of bugs in DO£-2.18
has r eeamed Stable at 20 since last
April, and therefore the listing pub
Lt shed in the SPiing 1984 ne .... s Le t t e r
is still current. Either all of the
problems have been uncovered (an
unlikely event), or users are not
reporting suspicious results, unwork
able t npce s , and the like. Please do
contact us 1f you have encountered
suspected bugs so t ba t we can document
and fix them. £xaIr.ple input and out
put are always helpful in tracking
dOIJll the proble~.

• There are a nUlliber of inquiries from Car'lada
concerning metric verification report bugs,
\Jhich ....e are currently trying to verify.

NEW ELECTRICAl RATE SrRVC!L~E IN ECO~OMICS

In the upcomi:'!g 2.IC version of 00£-2, the
calculation of energy costs will be moved froel
the PLA~T sub-program to ECO~0~lC5. xev CO:D

mands and keywords have been added to e ne ee
pass <I vi se r variety of tariff schedules fer
energy. Seasonal and time-of-day rates ~'i1:

now be accounted for and the existir.g block
rate structure has been upgraded. ~.a:cr

modifications have been made to e nhaac e r j-e
t r ea t eent of electricity, includi:1g c c r e
sophisticated demand ratchet eecna-vt ac s ad
the Congressionally-mandated options for the
sale of electricity to a utility.

Three ne.... commands for all utilit~es,

£:'"ERG¥-C05T, CHARGE -ASS IG:':1E:>"T , DA Y-CfI.ARCE:
SCH, and one special command for e Lec t r i c t r y,
COST-PA~~£TERS, ~ill now be used in Eco~o~rcs

for the calculation of energy costs. 7he
interactions among them can be suama r Lae d as
f ol Lcvs : The most basic features of a tariff
- units, uniform cost rates, monthly charges,
etc. are all contained in an E:-'"ERGY-COST
command, which is entered for each fuel c r
utility used in the previous PL.A .....T run. :-he
CHARG£-A5SIG:-':1E~T is used primarily to s pec i f y
block-rate structures but can also be used for
simple uniform rate charges on demands as .,ell
as energy. CHARGE-AS5IG},;.<,t:-"Ts can be refer
enced by the E:'"ERGY-COST e ceaand in t ..o ~·ays,

directly or through a SCHEDt:tE. Seasonal and
time-oi-day variations in tariffs require the
use of a SCHEDU1.E (referenced in the D,"ERGY
COST comlll.3nd for that utility or fuel). The
c oep l e x features of tariffs for e Lec t r f c i t y ,
"'hich include provisions for demand ratchets
and the sell-back of electricity to a utility,
are specified through cosr-PA~~ETERS.

For each utility or fuel used in PU::;-, a
separate E!'>"ERGY-COST cOl!lmand will be ert e r ec
in ECO!"OMICS. The n"ERGY-COST com::ar.d has
associated with it several keywords that are
similar to the old E!'>"ERGY-COST commar.d found
in PLA:'"T. For a Simple energy cost c a Lcu l a>
tion in ....hich all units consumed are valued at
one rate, only the E~'ERGY-COST cOl:l:Dand ar.d
associated key ....ords need be entered. for ::Jore
complex tariffs, involving either blocks or
tillle-of-use/seasonal features, t\JO additional
new commands, CHARG£-A5SIG~l1E:'"T and DA::
CHARG£-SCH, are required.

The CIl.ARGE-ASSIGl.l1EST cOlllmand is used to
specify block-style tariffs and has been
structured in a manner that is roughly ane Ic
gous to the L.OAD-ASSIG:~.E:'"T command in PLA ..... r .
That is, several keywords associated .ith :~is

command :ay be entered more than once.

(Continued on page 2)
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CHARGE-ASSIGNMENT. for a utility or fuel
are referenced through the ENERGY-COST command
in a manner similar to the \lay in which the
LOAD~JL~AGE~ENT command in PLANT references
LOAD-ASSIGI.'MESTS, directly or through a
schedule. In the latter cue, the DAY
CHARGE-SCH command is used in conjunction witn
the exiliting SCHEDULE and llEEK-SCHEDULE com
mands to reflect seasonal and time-of-day tar
iff schedules. A total of e i x CHARGE
ASSIG"'ME~'TS may be entered for each utility or
fuel.

The DAY-CHARGE-SCH command accepts integer
values referring to hour a and, for each of
these groups of hours, up to tYO u-names of
CHARGE-ASSIGJ.,'MENTs. In a manner similar to the
DA'(-ASSIGN-SCH cOlD.llland used in PLANT to
schedule LOAD-ASSIGNMENTs, DAY-CHARGE-SCH is
referenced by u-na.me in a IIEEK-SCHEDL'LE com
cand , \lhich, in turn, is referenced by a
SCP.EDL'LE command. The u-na.me for the SCHEDLLE
is r e fe r enced in the EN!RCY-COST command by the
ke yvo rd ASSIGN-SCHEDL1.E.

A final command, COST-PARAMETERS, is used
to stlecHy the special fee t ur e a of tarHfs for
electricity. These include the characteristics
of demand ratchets, ....here the billing dellland
(k:O) is taken to be the larger of the highest
demand in the relevant period of the month and
a "ratchet" based on previoul recorded deeanda ,
In calculatir.g demand ratchets, previous
recorded demand. can include lIIonths in the
Simulation that are "dcvns t r e aa" of the current
one. That is, since OOE-2 run period. are for
a single year, inforlllation frolll the entire year
::ay be used in calculating the ratchet for a
par r Lc ul a r 1Il0nth. The COST-PARAMETERS comllland
also accepts keY'-'ord. that specify ho .... electri
city generated on-site (via diesel engines, gas
and steam turbines) i. to be accounted for \lith
respect to interconnection \lith a utility.

ENERGY-COST
R.ESOURCE .. ELECTRICITY
ASSIGN-CKARGE .. (INVBLK)

INVBLX. .. CHARGE-ASSICNMENl'
RESOL~CE .. ELECTRICITY
TYPE .. ENERGY
BLOCK-RANGE .. (500,400,10000000)

$ THE SECOND ENTRY IS THE SIZE OF
s TIlE ~NEXT~ BLOCK AND THE THIRD
s IS JUST SOME U.RGE NU'!'lBER S

BLOCK-CHARGE .. (.05J5,.0125,.1245)

Eltuple 2: The mo.t significllnt difference
be eveee residential and tOlllmercial electricity
tllrHh is the inclusion of demand c h.. rges.
Typically, the highest mea.ured demand
(integrated over sOllie fraction of ..n hour) ia
compared lIgainllt a "r e rche c" c ho ee n or c..lcu
laud from some set of previoul highest demands
and the brger of the two is taken to be the
billing dellland. These tarUh c an also include
rate limitation features to ensure that when
the charges are all totaled the effective rste
per lr."'h i. less than or equal to a specified
.. lIIount. We first present an example in which
the ratchet is taken to be 90 % of the highest
dl!llland recorded in the previous 12 mOnthl and
the charge 11 $12.00 per kif. There is a flat
c.harge on energy of $.05 per kWh but in no cir
cum.tanca can the effective rate (i.e., includ
ing the demand charges) exceed $.07 per klo'h.

E~'ERGY-COST

RESOURCE" ELECTRICITY
RATE-LL~ITATION ... 07
ASSIGN-CHARGE .. (HIDE!'!AND)

HIDEMAND .. CHARCE-ASSIGNME~4

RESOL'RCE - ELECTRICITY
TYPE • ENERGY

UNIFORM-CHARGE ... 05
TYPE .. DEMAND

UNlfORM-CHARGE 12.00
:1'.e follo_ing eve examples should give the

r ea de r an idea of the pcve r of tlli, new capa
bf l t t y , Although we llaven#t defined the indi
v Idua I ke yvc rd s in this e i scus s rcn , t he Lr ee an
i~g should be largely self-evident.

COST-PARAMETERS
DEI1-RATCHET-Tl ..
DEl1-PERIOO-Tl
DEI1-RATCHET-FRCl

HIGHEST
"HOLE-YEAR
•• 90

~xalllple I. Although block rates have been
used for year" many of them now t eec rpc ee re
:arginal-cost and equity-related c cee e ma , A
recent example of the latter, currently in \l1de
usage among residential eus e cee r a , are inverted
b Lcc k rates. The baaic idea i. that increased
c cnsuapr ron is discouraged by increased per
un i t COSts. A simple inverted block hal three
tiers. In this exa.mple, the first 500 kWh of
cor.sumption (s cee times referred to a. a "base>
:~ne" or "Lf fe Lt ne" quantity) are charged at
5.'~5;5 per kl.ll. All kWh consumed in excess of
500 kl.ll, but leu than 900 kl.'h, are charged at
$.0725 per kl.'h. The third tier covers all con
s uap t t cn in e x c e s s of 900 kl.'h at a charge of
S,12~5 per kWh. There 15 no seasonal variation
in this rate and _e wlll 19nore minimUlll and
:~xed ~onthly charges 1n this example.

-2-

lie can alter this exuple by specifying the
ratchet to be the average of the two highest
dl!llland. in in the previous 12 simply by substi
tuting code-wordl in the COST-PARA."1:ETERS com
mand al follow.:

COST-PARAMETERS
DEl1-RATCHET-Tl AVERAGE:
DEH-PERIOO-Tl .. WHOLE-YIAR
DEI1-AVERAGE-MONl .. 2

The ne .... report, ES-E, reproduced on the
folloving page, delllon.trate, the detailed level
of reporting for the cOlllpllnents of e Iec t r f c I t y
chargel which \1111 be available to the user in
00£-2.lC.
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DEVELOPKrNTS IN SYSTEMS

There are many variations on the basic HVAC
system types on the market. 00£-2 models some
but not all of them and .... e try to periodically
add the most popular ones, In DO£-2.1C a model
of the pcve r ed induction unit {flU} v111 be
added to the 00£-2 SYSTDlS simulation.

Histotically, the variable air volume (VAV)
system has been the choice for energy conserva
tion. The VAV supplies cold air to a zone in
proportion to the need for cooling, thus elim
inating much of the need to reheat e xce s s cold
air from constant volume systems. As conserva
tion efforts have progressed, some deficiencies
in VAV systems have become apparent. One of
the easiest and most popular conservation meas
ures in buildings il to reduce internal heat
gains, primarily by reducing lighting levels.
1,:ith conventional VAV systems, this can result
in very 10.... supply airflo.... r et.ee , and little
air movement within the space, leading to con
siderable occupant d t s c ce fc r t , The PIU is an
attempt to mitigate the deficiencies of the
traditional VAV e ys r ee , and in addition save
energy by reclaiming excess heat from the
building core.

The PIU system consists of a VA'; terminal
box with a small fan or blower that "induces"
(1.e., draws) some amount of air from a ceiling

plenum. The blo....e r has t vo functions;

1) Io'artll return air from the cere zone is
sent into the plenum. The fan era ••s
this air from the plenum into an exte
rior zone tequiring heat, thus conserv
ing heating energy;

2} The fan provides increased air ecveee et
when the VAV damper throttles the pri
mary air d ovn , providing increased
occupant comfort. In addition, "rieary
air may be de c r e a se d be Lev levels nor
mally allowed in standard \'AV systems,
thus saving additional energy.

Tvc types of PIU are modelled - series and
parallel. In the series, as s hcvn in Fig. 1,
the fan draws air from both the prilliary (cer-
tral system) and aecondary (plen\,llll) air
streams. The propottion of primaty to secon
dary air 11 controlled by the VAV damper, The
amount of secondary plus prilllary air is con
stant, and the fan runs all the time (when the
central fans are on) at constant speed.

The parallel fan unit is slightly more co::
pl1cated. As is sholJTl in the schematic, F~g.

2, the fan draws air from the secondary a a r
stream only. In addition, the operation of t~e



Figure 2. Parallel PIU
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ve have found that allllOSt all ne... food
stores are being built ;;ith a system to recover
heat froID. the re f r f ge r at Lcn systems thoit serve
the food display Coise ;;ork.

A new set of keY"'ords will be added to t he
PSZ (Pack.aged Single Zone) system to allolo' the
simulation of refrigerated case vc rk , with or
wi thout heat recovery. The model can also be
used to simulate ice rinks Io'ith or vr eneuc heat
recovery. The user can specify refrigerated
case Io'ork up to three different t eepe r ar ur e
levels and specify a corresponding load tot:
each level. The temperature levels reflect the
evaporator t eepe r a t ur e a of different types of
display cues for various products s ce h as
frozen foods, eee t e , d<liry p r cduc r e , and pro
duce.

Heat Recovery from Refrigerated Case ~ork

for the parallel PH', the dead band or the
cooling band 111 diVided in t vc by the blower
t he r'aoe t a t se r pc In t - the extraction rate ...ith
the fan on is different from Io'hen the fan is
off. Due to the increased ccep l e xf t y of the
themostat equation, additional iterations
be eve en the eve equations are nece s aa r y to
arrive at a solution for the hourly average
teepe ee eur e and the extraction rate.

·'1."~'O'~
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Series FlUfigure 1.

parallel blower is Incertllittent. A thermostat
set point regulates turning the fan On ana off.
vben cooling Is required, the fan 11 generally
off. Thus WI! have nOnllal variable voll.Ull1! 
constant temperature cooling wieh the primary
air. '~'hen the primary air dalllper 11 closed and
the fan is on. WI! have constant volume
ventilating/heating. Therefore, total air Co
the zone is not a constant. as in the series
cases. The parallel unit may use less energy
than a series unit. since the fan runs only
vbe n needed.

,1,5 origlnally designed, OOE-2 ::lodelled
zones as c onvec t Lve.l y independent. The excep
tion '.',1$ plenums - air could be supplied r ece
a ple':'.um Co a conditioned zone, or returned
t hr cugb a p Lenura , However, air could not be
taken from a c cnd I tioned zone and used as sup
ply air in another. '~'ith the PIU system, this
is nolo' changed. One zone is denoted the supply
or "Laduced air" zone. Return air from this
zone is sent through the plenum (or a duct) and
is used as part of the supply air for a zone
with a PIU box. The induced air zone is simu
lated r i r s c • The return air temperature il
calculated in the usual vay , The return air
from ~~is zone is then available at this
"return" t eepe r a t ur e to be used al part of the
supply air for the PIU zones. Frequently the
aeccn t of r e tu r n air available froID. the core
zone is not sufficient to sl.tpply all the secon
dary air needed for the excer ice zc ne e , In
t~.is case, the exr r a second.ry air is induced
from the exterior zones themselves.

For parallel PIL'I, one of the equ&tionl
r eLa t Iwg the space t eape r a t ure to the zone
extraction rate must be altered. The tempera
ture and the extraction rate are obtained from
CIo'O equa r Lons , The first, the temperature
d e v La t i on equation, relates the temperature to
the ex:raction rate through the air temperature
ve i ga t i ng factors. The ;;eighting factors are
c aar a c t e r Ls t t c of the room geoae t r y and con
struction and basically give the response of
the rcom to a change in air temperature. The
secor.d equation is the themostat equa t f cn ;
e ru s relationship is non:ally assumed to be
pLec evt ae i meer . There is a heating aotion
~and, a de ad bend , and a cooling action band.

Additional HVAC System, Enhancements

The addition of the PIU system ...ill be a
major enhancellent to the 2.1C version of the
program. xeveve r , there were three sUiaUer
iteUll, requested by users, that ;;ill also be
added: Commercial A..1t/Air Heat Pumps, updated
curves for Packa ged Air Conditioning l'nf t s and
Coils, and OptimUlll Fan see r c .

1. Comillerctal Air/Air Heat Pumps normally are
furnished with outside air economizer
cycles. These units c:ould not be simulated
in previoul versionl of 00£-2, whereas they
now \1"111 be. The heat PUUlP ecde I '01111 also
be eltpanded so that other type, of supple
mental heating, such as gas furnaces, can
be sLeu.l a t ed ,

2. In 1980, ...hen ve first added the Packaged
Air Conditioning ue r r e , ve had oi great deal
of difficulty in gening. part load perfor
mance turvea frOID the manufacturers of this
type of equipaent. Since that time, ve
have collected better part load infomoitlon
vhf e b has made it possible to replace the
old curves vf t h new ones.

3. !'Iany buildinga no", have energy management
control systems (E!'!CS) which allow the
start-up of fans to be delayed until ;;hat
is called Optimum Start time. This is an
energy conservation aeas ur e t he t , bec au se
of its pc pu Lar I t y , will also be added to
DOE-2.
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